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(54) Carbon-cloth-based el ectrocala lytic gas diffusion electrodes of electrochemical cells and 
method of manufacture 



(57) This invention pertains to gas dillusion elec- 
trodes and diflusers with new improved structures suit- 
able for systems using ion conducting membranas as 
the electrolyte, and automated methods of manufacture) 
that lend themselves to continuous mass production. 
Unexpected improvement* In gas and vapor transport 
through the electrode are realized by incorporating a 
new dispersion process in the construction, reformulat- 
ing the appliod mix with solution additives, and creating 
a novel coating structure on a conductive web. Further- 
more, combining these changes with a judicious choice 
in coaling methodology allow* one to produce these ma- 
terials in a continuous, automated fashion. 
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Description 

BACKGROUND 

* [0001] A gad diffusion electrode (GDE) consumes or is depolarized by a gas feed while allowing direct electronic 
transfer between the solid and gas phase. Together wfrh the electrolyte, the GDE provides a path for ionic transfer, 
which is just as critical. GDEs are typically constructed from a conductive support, such as a metal mesh, carbon cloth, 
or carbon paper. This support is often called a WBb. The web is coated with hydrophobic wet-proofing layers, and finally, 
a catalytic layer is applied most commonly to one face While the catalytic layer can consist of very fine particles of a 

io precious metal mixed with a binder, many employ The methods similar to mat In Petrow, et al. , U.S. Patent No. 4,082,699. 
This patent leaches the use ol finely divided carbon particles such as carbon blacK as the substrate for small (tens of 
angstroms) particles of the noble metal. Thus called a "supported" catalyst, this methodology has shown superior 
performance and utilization of the catalyst in electrochemical applications. 

[0002] Often, GDEs are cited as key components in fuel cells. Here, the anode is typically depolarized with hydrogen 
is while the cathode is depolarized with oxygen or air. The resulting products are energy in the form of electricity, some 
heat, and water. Examples of acid or alkaline fuel cells are well known. Some have also realized that the energy- 
producing quality of a fuel cell can be adaptod to industrial electrochemical processes and thus save energy and hence 
reduce operating costs. A typical chJoralkaii cell uses two solid electrodes to produce sodium hydroxide, hydrogen and 
chlorine. In this case, both the anode and cathode expend energy to evolve gas, chlorine and hydrogen respectively. 
20 The typical chtor-alkali cathode can be replaced with an oxygen-depolarized cathode, as has been shown by Miles et 
al. in U.S. Patent No. 4,578,159 and others. A cell run in such a manner saves approximately one volt. Aqueous 
hydrochloric acid Is an abundant chemical by-product. One can recover the high-value chlorine by oxidizing solutions 
of HCI, and thus recycle the chlorine as a Icedstock to the chemical plant. 

[0003] Electrolysis becomes extremely attraciive when the standard hydrogen-evolving cathode is substituted wiih 
26 an oxygen-consuming gas diffusion electrode due lo the significant drop in energy consumption. 

[0004] GDEs also may allow the creation of a commodity directly from a gaseous feedstock. For example, Poller, el 
al. (The Filth International Forum on Electrolysis in the Chemical Industry. November 10^4. 1991. Fort LauderdaJe, 
FL, Sponsored by the Electrosynlhesis Co , Inn ) describe the use of a GDE to create a 5 wt.% hydrogen peroxide In 
caustic. In this case, oxygen is the feedstock and a specific carbon black (without noblo metals) is the catalyst. 
30 The ability of the gas diffusion electrode lo operate successlulfy in this and the preceding examples is acutely dependent 
on the structure of the gas diffusion electrode: for in all ihese cases, (he electrode serves as a zone lor liquid-gas-solid 
contact, as a current distributor, and most imporlantly, as a liquid barrier. 

[0005] The advent of ion exchange membranes has greatly expanded the use of gas diffusion electrodes. The ion 
exchange membrane, which replaces ihe traditional liquid phase, is composed of a solid polymer eleclroiyle thai trans- 

35 Ters ionic charge thanks lo fixed ion exchange groups attached to the backbone chains. Tho most popular ion oxchango 
mombrano is sold by the DuPoni Company. USA under the iradema/k Nafion®. it comprises a perfluorinated backbone 
with attached lixed ionic groups euch as sulphonic or carboxy lie radicals. Other Companies, such as Gore Associates, 
Asahi Chemical and Asahi Glass commercial similar product. Non-perfluorlnated Ion exchange membranes are 
available through Ralpore (Hauppauge, New York) and other distributors such as TTic Eloctrosynthcsis Co.. Inc. (Lan- 

40 caster. Now York). Anion oxchango membranes typically employ a quaternary amine on a polymeric support and are 
commercially available as well. 

[0006] When gas diffusion electrodes are used in conjunction with ion exchange membranes, such as In the case 
of the membrane hydrogen/air fuel cell, their internal structure must be designed to allow efficient three phase contact 
between ihe solid electrode itself, Ihe gaseous reactant, and ihe solid polymer electrolyte. In addition to providing a 
4s zone for throo-phaso contact, ihe gas diffusion elecirode structure aids in making electrical contact to the catalyst, 
enhances transport of reaclanl gasses into the zone, and provides for facile transport of product away from the zone 
(e.g. water vapor). 

[0007] In addition to gaseous hydrogen and gaseous air. others employ a mixed phase system such as the methanol/ 
air(O z ) fuel cell. Here, liquid methanol is oxidised al the anode while oxygen is reduced at the cathode. Another utili- 

so zaiion lor ion-conducling membranes and gas diffusion electrodes includes the electrochemical generation of pure 
gasses [for example see Fujita et al. in Journal of Applied Electrochemistry, vol. 16, page 935. (1 986). electro-organic 
synthesis [lor example see Fedkiw et al. in Journal of iho Electrochemical Society, vol. 1 37, no. 5, page 1 451 (1990)], 
or as transducers in gas sensors [for example see Mayo el al in Analytical Chimica Acta. vol. 31 0, page 1 39, (1 995)]! 
[0008] The membrane and elecirode structure (MEA) may be constructed by forcing the electrode against ihe ion 

s* conducting membrane. United States Patents No. 4,272.053; No. 0,1 34,697; and No. 4,364,81 3 all disclose mechanical 
methods of holding electrodes against the conducting membrane. However, the effectiveness of a mechanical method 
for intimalely contacting the electrode to Ihe polymor mombrano eloctrolyto may be limited since Iho conducting mom- 
brane can frequently change dimensions with alterations in hydration and temperature. Swelling or shrinking can alter 
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the degree of mechanical contact. 

[0009] Thus, an alternative method ol contacting the olectrodes with the polymer membrano electrolyte involves 
direct deposition of a thin electrode onto one or both sides of the conducting polymer substrate IMagel el a) In U S 
Patent No. 4,326,930 disclose a method tor eleclrochomicaily depositing platinum onto membranes. Others have em- 
ployed chemical methods whereby a metal salt is reduced within the polymer membrane [for example see Fedkiw et 
al. in Journal of the Electrochemical Society, vol. 1 09. no. 1 , page 1 5 (1 1 92)J. 

[0010] In both the chemical and electrochemical melhods, one essentially precipitates the metal onto the ion con- 
ducting membrane. This precipitation can be difficult io control due to the nature of the ion-conducting polymer mem- 
brane, the form of the metal salt, and the specilic method employed to precipitate the metal. As the goal of a thin 
porous, and uniform metal layer is often not met via precipitation, practitioners have turned to other dcposilion methods' 
For example, a method for coating the membrano with an ink composed of the supported catalyst and solvent is 
disclosed by Wilson and Gottesfeld In the Journal ol the Electrochemical Society, volume 139. page L28, 1992; and a 
method of using a decal to deposit a thin layer of catalyst or supported catalyst onto the ion-conducting membrane Is 
summarized by Wilson ot al. in Electrochimica Acta, volume 40. page 355, 1 995. An uncatalyzed gas diffusion structure 
is is subsequently placed against each catatysi layer deposited or applied to the membrane. 

[0011] In a further altemalivo the catalyst is coaled onto an uncataJyzed gas diffusion structure and then bonded to 
the membrane via mochanical, and/or thermal means. The uncataiy2ed gas diffusion structure is variously called a 
"diffuser', an electrode 'backing', "gas diffusion media", a *gas diffusion layer 1 , or an 'uncatelyzed gas diffusion elec- 
trode" and can predominate MEA performance during operation at high current density. The term dlffuser will be here- 
to alter used to encompass all these synonyms. A diff user is a material that: 1 ) provides electrical contact between the 
catalyst and the electrochemical cell current collector. 2) dielributes and facilitates efficient transport of feed gas or 
gasses to the catalytic layer, and 3) becomes a conduit for rapid transport of produci(s) from the catalytic layer. 
[0012] There area few commercial providers Tor diffuses Gore Associates (Elkton, MD) offer Cartel™, aconductive 
microporous polymer. E-TEK, Inc. (Nalick. MA) offers uncalalyzed versions of the gas diffusion electrodes found in 
their catalog. Of these, the uncatalyzed ELAT™ is listed as tho best material for MEA applications 
[0013J The typical construction or the ELAT™ dllluscr is detailed in U.S. Patent No. 4.293.396 by Allen et al Here 
a carbon cloth serves as the web. Carbon black is prepared for application to the carbon web by using techniques 
listed in U.S. Patent No. 4,166, 143 whereby solutions ol Vulcan XC-72 or Shawinigan acetylene black (SAB) are mixed 
with water, uitrasonically dispersed whh a sonic horn. Since the carbons arc high surface area substances, It Is imponant 
to prepare a uniform and slablo suspension. Carbon blacks do not "wel<M* without a significant input of energy or 
shear into the solution. The ultrasonic horn performs ihis function of wettingout by way of high frequency electrical 
energy directed from a stainless steel horn immersed in the solution which generates pressure waves through the 
vessel. Although suitable for limited production runs or R&D sized samples, there are several limitations to uttrasound. 
First, since the energy is projected from a single source, i.e.. the horn, the power is a function of the distance from the 
horn, and will diminish significantly as one moves away. Second, as the action ol the carbon black on the horn leads 
to abrasion and accelerated corrosion, the prodded powor spectrum emanating from the horn changes in lime For 
these reasons, ultrasound may not be appropriate for production of large quantities of dilfusere. The dispersions are 
then mixed with Tenon© particles and filtered. Teflon is a registered trademark of the DuPont Company U S A. for 
polytetrafluoroethylene. Uyere of SAB mix serve as the wetproofing layer on each side of the web Finally, layers of 
Vufcan mix are coated onto one side of (ho assembly. After the final coal, the assembly may be sintered in air at a 
temperature sufficient to cause the Teflon to flow, lypically 300-350 a C. Although the Importance of mix penetration into 
the web is discussed, the actual coating method is not disclosod. The reported products were of limited lot size so 
may have been individually prepared. No information is relayed as to how this structure could be produced with eco- 
nomical means. p 
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[0014] WUh the rise of membrane fuel cells, based on proton exchange membranes (PEM fuel cells) as suitable 
clean power sources, and the parallel mcroase in the use of MEAs in industrial and sensor applications there is a 
strong need for a diffuser having a tailored and optimised structure. In addition, improvements are necessary In both 
the preparation of Ihe dispersions as the current routine use of the sonic horn produces carbon black dispersions for 
coaling that may be non-uniform and diflicult to control for production of large batches of diffuser, and in the manufac 
uring melhodofogy as the current procedure is limited in us applicability to continuously coating a web - a step believed 
10 be crucial in producing an inexpensive producl, 



OBJECTS OF THE INVENTION 

[0015] it is an object of this invention to provide improved gas diffuses with transport properties suitable for MEA 
type electrodes. 

SI? " ^ n ° therob j ecl 01 lhB ***** to provide diltusers with a catalytic layer di.eclly applied thereto (hereinafter 
called gas diffusion electrodes). v 
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[0017] It Is a further object of this invention to Introduce a dispersion methodology that provides an uncxpecied 
increase in performance from diffusers And gas diffusion electrodes fabricated from carbon blacks prepared by this 
technique. 

[0O1fi] It Is a still lurthor object of this invention to introduce for both diffusers and gas diffusion electrodes a method 
of manufacture lhat is compatible with continuous automation. 

[0019] These and other objects and advantages of the invention will become obvious from tho lollowing detailed 
description. 

THE INVENTION 



[0020] The type A and type B diffusers of the invention, are schematically illustrated in Figs. 1 a and 1 b respectively 
and are compared with a prior art gas diffuser, Fig. 1c, which is commercialized under tho trade mark ELAT™. 
[0021] The prior art ELAT™ structure comprises an electrically conductive web (1), which is preferably made of 
carbon cloth or carbon paper or a metal mesh, highly hydrophobic layers (2) on both sides and more hydrophilic layers 
16 on one side (3). 

[0022] All layers in Fig. 1 are obtained applying a mix of carbon black and binder panicles, preferably particles of 
polytetrafluoroeLhylene, for examples Teflon® produced by DuPont, USA. The degree ol hydrophobicity or hydrophilicily 
depends on the type of carbon black, which may be selected in the group comprising SAB, Vulcan XC-72, Btack Pearls 
2000 or Ketjen Black. Just as an example, il must be rflmemborcd that SAB ie highly hydrophobic, white Vulcan XC- 
72 Is moro hydrophilic. The hydrophobicity and hydrophilicity may also be varied on the basis of the quantity of binder 
which is included in the various layers, in the most common case where the binder is polytelrafluoroelhylene, which 
ie highly hydrophobic, its quantity ia normally comprised between 5 and 80% by weight, more preferably between 30 
and 70% by weight, with higher quantities ror more hydropbobic layers and lower quantities for more hydrophilic ones. 
In the schematic view of fig, 1, each layer represents a coat, however, the depicted number of coats ehould not be 
taken as a limitation of the invention. Actually, the number of coats is usually comprised between one and eight, as is 
shown in the examples. 

[0023] AS il should be clear from Fig 1c, the prior art ELAT diffuser comprises two types of coatings characterized 
by dilferenl hydrophobicity, the most hydrophobic coating (2) being applied on both faces of the web, 
[0024] Making reference to fig. 1a, it is clear that the diffuser of typo "A" has a structure similar lo that of the ELAT 
diffuser, as also this diffuser comprises two types of coatings having different hydrophobicity (2, 3) applied lo one face 
of the web only. The most hydrophobic coaling (2) is the one directly contacting the web. 
[0025] The simplest of the diffuser structures of Ihe invention is represented by type "B" which includes only one 
type of coating, applied on one face only. Fig, 1b illustrates the embodiment comprising he hydrophobic layer (2). 
However, it must be understood lhat also the hydrophilic layer (3) only can be applied. 
& [0026] The diffusers of fig. 1 are pressed or belter bonded to ME A structures, that is membranes having surfaces 
coated with a thin film of catalyst. 

[0027] The structures of fig. i represent also the corresponding gas diffusion electrodes when, in the case ol prior 
art ELAT gas diffusers and type 'A" gas diffusers or the invention, the hydrophilic coatings (3) and the only coating of 
typo "B" (2 or 3) are obtained at least in part by using supported catalyst instead of plain carbon black. The gas diffusion 

40 electrodes obtained in this way are pressed or beller bonded to membranes which have uncoated surfaces. Before 
obtaining this pressing or bonding, h is customary lo apply onto the layer of the gas diffusion electrode containing the 
supported catalyst a final layer ol a ionomer having ion-exchange characteristics similar to those of the polymer of the 
membranes. For example, 5-10% by weight solutions of Nation may be used in a water-alcohol mixture, the so-called 
"liquid Nafion'. Tlie film, which comprises from 0.1 to 2 mgr/cm 2 of Nation, is directed lo aid in making contact with Ihe 

<s membrane. 

[0028] In comparing diffuser type "A" to the standard ELAT diffuser, one notes both a reduction in tho number of 
coated layers, which translates to less loial depositod solids, and Ihe coaling layers being placed on only one side of 
ihe carbon cloth web. The uncoated sfdo of the web is now oriented toward the gas feedstream while the coated layers 
are placed againsi the ME A (i.e., the race of the membrane cloctrode assembly). As will be shown in the Examples 
Ihese reduced layers and single-sided coalings allow for a reduced number of fabrication stops, and a thinner, more 
open structure amenable to high gas flux rates. 

[0029] For diffuser type "A", there are still two or more types of carbon black employed in the architecture of Ihe 
structure. These are selected so as to croate a gradient of hydrophobicity throughout the structure, as well as to provide 
a layer that can be more easily wetted at ihe catalyst interlace. However, there are applications where a single kind of 
carbon black is appropriate, and diffusor type "B* in Figure 1 illustrates this alternative structure. For diffuser type m B\ 
one or more coats ol carbon black and binder arc applied on one side of the web. This diffuser would be orientated as 
type 'A\ lhat is. ihe uncoated side is towards ihe leedgas plenum while the coaled side is agHinst Ihe face of the MEA 
Dilluser type 'B p is easier to fabricate, and is lho least expensive to manufacture. 
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[0030] While much focus has beon made on the structure and performance of gas dirTusion electrodes, littlo contri- 
bution has been made in the nature and effect of carbon black preparation methods for gae diffusion olectrocfes. While 
the eonic horn js frequently cited, it is shown here that surprising enhancements In diffuser and gas diffusion electrode 
performance through other dispersion methods can be obtained. For exampio, one preferred method Introduces a 
pressurized flowing stream ol solvent and carbon black into a 'V- shaped chamber that divides the flow into two streams, 
which are recomblned downstream using another 'V. The effect of splitting and recomblning the stream Introduces 
high shear and pressure differences on the sofveni and carbon black, and effectively wets out the panicles in a uniform 
and consistent manner. A commercial device is available through such companies as Microfluidics (Newton, MA) Olher 
methodologies use rotor/etalor methodology whereby one set of blades is fixed white the another set is spun at high 
rates around the fixed set. Such action creates high shear on the sample. Rotor/stater operations are often performed 
in batch mode. Another device is a mill where a spinning barrel wfth plates performs the funcilon of delivering shear 
energy to the solution. Kady Company (Scarborough, ME) provides a range of these machines. These and similar 
devices are called "homogenize rs< and perform the vital function of dispersing solids into solvent in a uniform and 
consistent manner. The following Example section describes such a preparation and reports results for diffusers and 
f 5 gas diffusion electrodes unanticipated by simple hornogenization ol the carbon black solution. 

[0031 ] While the placement and number of carbon black layers can control structure, and the method used to disperse 
the carbon black also determines performance, the lechnique employed to coat a web with mix determines the final 
structure as well. The previously cited ELAT patents describe a successful coating on the carbon cloth web which 
results from physically penetrating Into Iho'woven sir uclure to encase the fiber bundles with mix. A coating methodology 
most appropriate for this function is slot die, knife^ovor-biade, or spraying followed by a knife operation. Slot-die coaling 
is the preferred method as the slot ads as a conirol mechanism that meters out a fixed amount of mix. The weight of 
solids placed on the web is determined by the line speed, pump rate through the slot die. and mix composition (% 
solids). Furthermore, since the slot-die acts through creating a constant mass of mix between the slot-die head and 
the moving web, this coating action serves lo both give some penetration into the cloth and compensate for surface 
26 roughness inhereni in the cloth. 

[0032] While slot-die has been used to coal various solid and porous subsidies, using the slot-die to create gas 
diffusion electrodes and diffusers is a novel application. Typical widths of a slot-die range from 5-250 mm, but larger 
dies can be constructed. The gap of the slot die can be controlled via shims, a typical range being between 4 and 100 
mils, and more preferably 15-30 mils. Both the coating of the mix and the size of the drying section of the coating 
machine determine the line speed, as the freshly coated web is noxt run No a heated chamber. Typical line speeds 
range from 0.1 to 5m/min. Multiple coals can be applied by a series of slot-die stations, or re-running a freshly-coated 
web through the machine. Olher attachment to a manufacturing line would Include a continuous sintering oven and 
a slitting machine lo cut the final product into the desired dimensions. 

[0033] For mixes consisting of carbon black (or supported catalyst) and polytetrafluoroethylene, a Gravure style 
coating method can be employed as well. Gravure coaling employs a spinning rod that is dipped in mix at the lower 
half and thon contacted with the moving wob at the olher upper segment. Typically, the gravure-coating head spins in 
a direction opposite the direction of the moving web, allowing some penelralion ol the mix Into Ihe web. The quantity 
of the mtx applied to Ihe web per pass is conlrolled by the mix rheology, line speed, gravure rotation speed and gravure 
imprint pattern, and the area of the web contacting the head. Gravure coating works best with tow viscosity mixes 
[0034] The selection ol a coaling meihod such as slot-die, gravure. knife-over-plale. or spraying is dependent on the 
fluid dynamics of the mix, mix stability during the coating process, and the electrode and/or diff user structure desired 
on the web. One is not limited to one coating method. Typically, more than one coaling station can be applied to the 
moving web to build-up a multi-layer structure if so desired, whereupon the selection of coating station Is dependent 
on Ihe requirements of the mix. 

[0035] In some cases, the composition of the dispersed carbon black mix is modified by adding additives such as 
iso-propyl alcohol (from 0.1 to 100%. more commonly between 5 to 30%, and preferably 25%), Fluoririert FC 75 or 
similar, Neoflon AD-2CR, polyvinyl alcohol, PolyoxOD, or similar stabilizers. 

[0036] In some operations it is preferable to avoid iso propyl alcohol, lor example due to the constraints and costs 
of handling organic vapors, and a water-based mix is employed. For this type ol mix, one or more of the following 
s abjlizers and thickeners can bo employed; Fluorinert FC 75 or similar, Neoflon AD-2CR, polyvinyl alcohol ethylene 
glycol, polyethylene glycol alkyl ether, Polyoxtt, Triton© Xi 00, Tween®, Joncryl 61 J, Rhoplex AC-$i , Acrysol GS (acryl- 
ic polymer solutions; and naphtalene formaldehyde condensate sulfonates 
[0037] When using supported catalyst, the catalyst may be any of ihose conventionally used such as platinum or a 
rhodium-rhodium oxide catalyst desenbed by E. De Castro at ihe Electrochemical Society Meeting held In San Diego 

mJ^ y The Sp8Cif,C ° 0at ' n9 melhod and srabi,i * er js dependent on the structure of dilfusor desired 

[0038] In the following examples, there are described several preferred embodiments to illustrate the invention. How- 
ever, it should be understood that the invention is nol intended lo be limited to ihe specific embodiments 
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PREPARATION EXAMPLE 1 

[0039] A standard ELAT is constructed for comparison with diffuser or gas diffusion electrode structures of type TV 
or B . A web consisting of carbon cloth with a warp-to-fili ratio of unity, with approximately 25 to 50 yams per inch and 
s a carbon content of 97-99% was selected from an available thickness of 5-50 mils, preferably around 10 mils' The 
carbon cloth i was used for any diffuser or gas diffusion electrode of the following Examples. An appropriate weight 
t f™ USS^ ^ * pew ? dwi * an u,lrasonic nom - A dispereion of Teflon particles, was addod to the mix 
lo form a 50% wt (solids) component. To Iho web, a lirst mixture ol dispersed SAB was hand coated onto each side 

re ""I" T 9 ! °' ap P roxi,na,e| y 3 5 " 7 m S/cm2 was obtained. This layer was considered the hydro- 

re phobc. also called wet-prooflng, layer. 1 he electrode was air dned at room temperature in between each coat To this 
dried assembly, a second but similar mix ol supported platinum catalyst on Vulcan XO-72 and Teflon was coaled on 
one s.de. Between one and eight coats were provided lo achieve the desired metal loading, typically 0.2 lo 0 5 mg 
catatysl/cm*. After ihe final application, the coaled web was healed to 340»C tor aboul 20 minutes. As described, a 
is is enptyri *"* n ° d ' T ° mak ° 3 C,it " j6er ' Similaf 8lePS pert0rmed axcapl ""catalyzed Vulcan XC- 
PREPARATION EXAMPLE 2 
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I ^ l cons,r,JC, a B flS dWuslon eleclrad e or diffuser of type "A" structure of the Invenlion, an identical procedure 
as outlined lor Example 1 was followed, except the SAB/Teflon welprooflng layer was applied by hand to one side of 
he web a. approwmately halt the total carbon black loading, i.e. 1.5-3 mg/cm*. The catalyzed Vulcan XC-72 coat and 

0££ Til !° ' hat BS dB,ailaC ' ab0V °- To make a d " tu3er - similar 9,e P s we "» Performed except uncataly/ed 
Vulcan XC-72 wrth a loadng range of 0.5-1.5 mg/cm2 carbon black was employed. 



PREPARATION EXAMPLE 3 

Sinl 0 . 00 ^ 81 ^', 3 f* d ^ U ! i0n Glaclr0de ° f d " ,usor of " B " stfUC,Ufa <* ,h0 iwenlfon. an identical procedure 
as outhned lor Example 2 was followed. Howaver. only the calalyzed SA&Tefton watproofing layer or catalyzed Vulcan 

iSrSirSSf,^ falT W6b 8t t0ta ' l0adinB 01 ■«*»*""«■*<*« simitar drying W,d heating 

2i^aS?wU enSoyed C ° nS,rUC,ad *" id9n,ical mamar oHhef SAB or Vulcan XC-/I 

PREPARATION EXAMPLE 4 

K2. A ^u 8 " f ! di " USi0n a ' aC,rod ° Similar 10 ,h * °' Exam P' a 3 Was constructed through an automated coaler 
blado wilh a 45 C beveled edge. The blade was positioned over the cloth with a fixed gap of approximately 10 mils 
from of the blade. Samples ihus prepared were subjected to the samo healing and drying sleps ol Examplol 
PREPARATION EXAMPLE 5 

S " 0m °8 enizad mlxes or oarb0n black w «™ coated through the use of Microfluidic's microfluidizer. A suepen- 
operated. A single chamber configuralion was employed using the 100 micron chamber, avouch olheTchamSzes 
as es.abl.shedmExamp.e1.The mix was fil.ared. and coaled onto a carbon web ae detailed in Example i or Example 2 
PREPARATION EXAMPLE 6 

[0044] To prepare a diffuser similar to Type »A« wilh the slot die coaling methodology, a mix similar to that described 
n Example 5 IS prepared, except prior to lillering a finite amount of Triton^ X100 is added to the car** °£ ilSns 

on weight of carbon black. Furthermore, some dissolved Polyox Is added to the solution in the amount of 10% weiqht 
is^cTeC^ 

[f 43 ! ,K A . miX * ShaW ! n9an Acel y |eno Black (SAB) or Vulcan XC-72 as prepared above is placed in a pressurized 
vessel lhai Is connected lo Ihe stot die A pressure of 10-15 psi is applied to the vessel .o dclVer mbc to the 
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Iff! 1 * ? 1 mm lonfl fi '°' dle is oriented 10 rWa on ,he carbc * web, a gap one mite is 

orit ~1 oS? ar9 | appl ' e ? k to ' he W9b un,il an appropriate weight of carbon is distributed. The coaled cloth te dried 
prior to each add.tional coat. The final assembly is sintered at 340°C lor 20 minutes prior to tasting. 

PREPARATION EXAMPLE 7 

100451 _ To p ' epare 3 c u a O'yzed gas diffusion electrode similar to Typo 'A* with Ihe gravure coating melhodolow a 
^imilartothaidescnbedinExampleSfeprepared. except 

Sl^l^ X °' 72 fe CatelyZed With 9 30% by we,9hl of p,a,blUm - A <»*°n Oath 

mm dtarneter, 250 mm long gravure head that is rotating al 100 rpm. This gravure head has 5.3 cell/cm* pattern acr<L 

the surface to aid in pick-up and distribution of the mix. The web Is first colted with SAB at the rate of 2 

JTJE T" " in l! tween coats " Na « ^ « Pt on Vulcan XC-72 are aX an m 
mm, with dtymg between coats. The final assembly is sintered at 340«C for 20 minulea prior to testing 

EXAMPLE 8 

E2L" 1 h t0 Vari ° US a6pe ° tS ° f Ule new diffueer •»»*»"•• of the invention, a series of diffuse* is 

prepared and comparedtothecommercially available FLAT™ diffueer. Severaltype 'A'diifusers of varyinq,hicknesse fl 

h! * ►? i°- "J" 1 th f fi 0 na ' as6 ^ b| V' s lhi «*ness. A . ype 'B' diffueer of SAB waa prepared according to the memS 

2 t 5T*° ^ FW T th6Se TVP0 " A * and " B ' d,ffusere ' tha methodologVof dispersion of Ex^pte st 
employed. Table 1 summaries the key differences among the various coatinge. TheSctoaa. of each diffueer TJm 
n,n8 ^uremonts across the enfre (1 00 on* sample. A representative^ thickness of each type of oTser Te Tb 
total average of these nine measurements and number of samples 
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Dilfuser [ype 


Description 


Thickness +A mils 


No. samples 


r b 


Uniform thin hydrophobic microporous layer 


17.0i/-0.6 


4 


A 


Composite of very thin hydrophobic and hydrophific 
microporous layers 


15.6V4.2 


4 


A 


Standard composile of thin hydrophobic and hydrophilic 
microporous layers 


16.2+/-0.7 


5 


A 


Thick composile of hydrophobic and hydrophiiic 
microporous layeis 


18.8+7-1.0 


4 


Standard ELAT™ 


Coatings on both sides of web 


19.417-0.6 


6 



JT 1° f °!i 8 ar ! d/W fibr ° US 938 fillra,ion media ' rcsis »n<* to flow j 9 often used as a characteristic measure for 
quality control and performance. This measurement is standardized and so widely performed tuSTJ^^Z 

.r'T n I " ° mpl0yed ' Ca " eC< 3 " GUf ' ey " devic8 - 7ha numberTs Ve SuaS £ 
d ffufe r0 " 9 , ,f - Xed afea 01 eamP '°- and thUS ,ha Gur,oy «^ber indicates the resistance to gas™ As tS 

ssrart:nr ,mpert " p ^ 

S,^! at T ine *• " eUriey " numbero ' ,na v *™* diffusers. an apparatus for measuring resistance to flow was 
£555? !T P Tl ,W ° Wa,a " ,ll,6d " U " barom ° lriC ,Ubes - ona 80 and tha ™*< «> «« lonj taJSE 

ess srssss over a ran9a or This ^-^r^srs^ 

SS, Ji1^-° a , S,ab « 6h a " appr °P ria,e valuation range, five samples of standard Type 'A* diffusers were 
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to the exposed backing aroa of 25 cm 2 . The resulting value is the characteristic constant for resistance to flow and is 
similar to the Gurley number. A plot of output Mow versus the calculated resistance to flow shows thai non-uniform flow 
is realized at the low and high flow rates, and an output range of 2-4 1PM is best for these measurements on diffuser 
materials. Based on this result, an output flow of 3.0 LPM was selected for subsequent comparative measurements 
[0051] An additional effect of the diffusers when used in PEM fuel cells is related to its rote in helping to maintain 
water balance. Water balance In the fuel cell entails a delicate balance of hydrophobic and hydrophilic character within 
the coating. Tnis balance depends critically on operating parameters such as current density of operation (which de- 
termines how much water is generated), humidificalion conditions and the flow rate of gases into the cell Thus de- 
pending on how the fuel cell is run with regards to current density, hydration, type of Ion exchange membrane 'and 
flow characteristics to the dlflusor. the hydrophilicity of the coating is also crucial as well as the structure of the diffuser 
Thus, to illustrate how different difluser structures effect transport under a constant set of operating conditions, these 
same samples were evaluated in a single cell of a PEM fuel cell testing apparatus. 

TEST EXAMPLE 

[0062] Samples of ELAT or type *A" gas diffusion electrode were subjected to small scale tests In an apparatus 
designed to remove system Influences from the experiment. That is, typical operation of a fuel cell or electrochemical 
process may be dependent on cell design, assembly, and system control parameters. This test used an electrolyte 
solution and catalyzed electrode lo eliminate contact variance between the typical diffuser and ME A. Thus, the catalyst 
in this system was "wetted* and the results reflect electrode structural differences when the same catalyst and catalyst 
loading were employed. 

[0053] A gas diffusion electrode holder (I cm dia.) was constructed whereby the catalyzed face was positioned in a 
solution containing 0.5M H 2 S0 4 while the backside was subjected to an open gas plenum of approximately 20 cc A 
potentioslat and three electrode set-up were employed to precisely control the applied potential lo the test sample, A 
sheet (2.5 x 2.5 cm) of platinum served as the counter electrode. Standard ELAT samples containing 30 % Pt/C 1 mg/ 
cm were prepared using the method of fcxample I. Type "A" otoclrodes were fabricated according to the steps of 
Example 2, whereupon the catalyst and loading was the samo as the ELAT. Each electrode was sprayed with Nafion 
resulting m a coverage of 0.5 mo/cm* After mounting in the holder, samples were Immersed in the acid solution which 
had been heated to approximately 55'C. The electrodes were hrsi fed with oxygen at a stoichiometnc excess (greater 
than 10 fold) under a very slight pressure -2 mm H 2 0) Tor conditioning as negatives potentials were applied vs sal* 
urated calomel electrode (SCE) to reduce oxygen. After the exposure lo oxygen, the cell was disconnected, flushed 
with nitrogen, and hydrogen was fed to the electrode under the same slight pressure and stoichiometric excess Positive 
potentials were applied and the current was recorded. No accommodation for IR was made in the measurements 
although 0.5-1 ohm had been measured through the electrode holder. Multiple samples from each ELAT or type 'A* 
gas diffusion electrode were tasted and averaged and the reported error bars were one standard deviation 
[0054] Figure 2 is a plot of these tests. 1 he applied potential is listed on the abscissa, while the resulting current due 
o hydrogen oxidation is displayed on the ordinate axis. Since the catalyst and wetting characteristics were identical 
tor these structures, one concludes that lha increase in current for type "A> over the ELAT gas diffusion electrode was 
due to tho improved structure of the typo "A" electrode. 

[0066J The surprising effect of homogenized carbon is shown in Figures 3 and 4. In this test, standard ELAT diffusers 
were prepared as outlined in Example 1 but now used homogenized SAB and Vulcan XC72 as described in Example 
1 1^1 9 1 er ! nl 9BS dfffUSi0n e,eclrodes (««ndard ELAT, ELAT with homogenized wet proofing layer, and ELAT 
with both SAB and Vulcan layers homogenized) were testod using the same testing procedure as detailed above 
except both the oxygen and hydrogen curves wore recorded. Figure 3 is the oxygon reduction curve. Although there 
was some scatter in the data, attributed to uncompensated Ifl, it can be seen thai as the layers were progressively 

22?2!^^ ¥2*2* nc9ai,ve> currents were 9cncrau * for * ,bced A ™« 

pecled improvement in ELAT performance was realized through homogenization of the carbon blacks. Figure 4 is a 
similar plot except the electrode was used as an anode in ambient hydrogen and a significant and unexpected im- 
provement was shown. r 

hT*. S T,° ^ ,ec1roc ' c t were assembled in a fuel cell system to confirm the Improvement, For this test a 
standard fuel cell test station (Fuel cell Technologies, Inc. NM) was used to control and humidify feed gasses provide 
anetec,ronic load and record data from a cell 16 cm* For these teste, electrodes were mechanically compressed 
against a Nafion 11 5 membrane lo form the ME A. An ELAT with homogenized SAB and Vulcan XC-72 layers was used 
!1 YSS^SS ^ WBS pGfforrnRd in air and °*yfl en - Fj 9^e 5 shows tho average results of five replicate 
EESL^T f V 0 ?*™? l ° ° typlcH ' hom °9 en ** d ewtwi black ELAT when using air as the oxkfanl. For 
these plots, the fixed cell voltage is listed on the ordinate, while the recorded current Is on tho abscissa. Figure 6 is 

6 eXC ° P ! T OXy98n WAS ,h ° ° XidanL 10 b0lh Fiflurs 5 and FI 9 uro 6 « an improvement was seen for 
these electrodes m an actual system. It Is surprising that a simple processing step, i,e. homogenization, produces such 
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an increase In current for a fixed voltage (greater power). 

[0057] The next example combined the improvements of carbon black homogenlzatlon with the now structure*. A 
type B A* diffuser was constructed according to the homogenization procedure of Example 5. Since this was a diffuses 
rt was assembled as pan of a MEA whereby the catalyst layer has been deposited directly on the ton conducting 
membrane. In this tost, comparison was made with a eiandard ELAT diffuser and the type 'A' structure in a fuel cell 
set up incorporating a cell 50 cm 2 . The cell was operated with hydrogen and air, and the load was systematically varied. 
Figure 7 shows data that revealed an improvement unanticipated by either structural or homogenlzatlon changes alone. 
The trace labeled "old* is the standard ELAT diffuser and the trace labeled 'new" is the new diffuser structure with 
homogenized carbons. At the extreme toads, there was a test of a diffused ability to transport oxygen and water vapor, 
and it shows a remarkable 100% improvement in current density (or a cell voltage ol around 0.4 volts. This example 
clearly shows a remarkable synergistic effect between the carbon dispersion and new diffuser slructures. 
[0058] Although the above examples have used fuel cell tests, diffusers and MEAs can be used in industrial elec- 
trochemical processes as wall. A type "B" hand-made gas diffusion eleclrode composed of platinum catalyzed Vulcan 
XC-72 pressed against a Nation 430 membrane was constructed and this same style of electrode was then manufac- 
tured through the knife-on-plate method described in Example 4. The performances of these cathodes operating as 
oxygen consuming electrodes in a concentrated HCI solution were compared. Figures summarizes the current potential 
curves derived from 6.25 cm? samples of lypo 'B' assemblies. As shown here, the automated coaling process did not 
introduce any significant changes in the structure ol the electrode, and no difference in current was obtained. 
[0059] A type "B* gas diffusion electrode composed by hand as illustrated In Example 2 is compared to a gravure 
method machlne-coaicd Type *B" gas diffusion electrode as illustrated in Example 7. whereby the platinum contenl is 
within 10% of each other. The two electrodes are tested whereby 16 cm* samples of each are used as anodes and 
caihodee in a hydrogen-air PEM fuel cell at 70*C. Figure 9 summarizes the current potential curves derived from these 
samples. As shown here, the automated coaling process did not introduce any significant changes in the structure of 
the electrode, and no difference in current was obtained. 
« [0060] The series of diffusers of Table 1 are used to illustrate tho range of gas permeation rates made available by 
the structures of the invention by using the modified Guriey apparatus. A summary of resistance to flow measurements 
for the three types of electrode backing arc shown as a bar chan in Figure 10. For tho Type "A*, three different thick- 
nesses of carbon black were tested. One would anticipate that the resistance to flow should increase as the diffuser 
thickness increases. This trend is followed by the data. The standard double sided ELAT and thick Type W diffusor 
show a greater resistance to flow than the standard Type "A". It is interesting to note that the thin Type "A' diffuser 
shows the greatest relative standard deviation across the average of measurements, indicating thai the microporous 
coating of carbon black may have random pin-holes and thus show lower resistance lo flow than the standard Type 
A . These data demonstrate that one can adjust the porosity and tortuosity in tho diffuser structure, and that a suitable 
range of resistance to flow constants is over tho range of 0.06 lo 0.005 LPM/cm H 2 0/cm2 and more preferably from 
35 0.05 to 0.008 LPfWcm H^G/crn 2 . 

[0061] While porosity and tortuosity (as measured on a macroscopic scale by the Guriey measurements) do con- 
tribute lo the performance (as will be shown hero), other factors such as catalyst layer permeability and ionic conduc- 
tivity, hydrophobicily and water transport through Ihe coating may contribute moro significantly lo demonstrate ihese 
effects, Ihe series of Table 1 was subjected lo evaluation In a PEM fuol cell test apparatus. 
40 [0062] A collection of polan2alion curves obtained with 1 00% oxygen and 1 3.5% Oj, in N 2 is shown in Figure 1 1 The 
results indicate that Type 'A- thick and ihe standard ELAT diffusers exhibit limiting current behaviour at ce. 20% lower 
current densities than for ihe other cases. Thi 6 suggests that the thicker coatings, with their lower gas permeation 
rates, exhibit more sensitivity to the particularly dilute portions of the cathode flow streams. 

[0063] Although the uniformly hydrophobic Type 'B' exhibits slighlly lower performance relative to the thin and sland- 
« ard Type 'A"s at the lower current densit.es, this diffuser has similar performance at high current density. Thus there 
is some merit In creating a diffuser ol completely uniform hydrophobicity. These results here indicate thai a wide variety 
of structures are suitable for PEM fuel cells, and that the structure of Ihe diffuser (or gas diffusion electrode) has to be 
matched to the specific operating conditions as well as cell design. AH of these structures show an improvement over 
the standard ELAT design under dilute cathode feeds. 

[0064] Theso examples demonstrate that new and unexpected advances in perlormanco are obtained when com- 
bming homogenization in the preparation steps with new gas diffusion electrode structures. These are fabricated into 
MEAs by either assembling a diffuser with a catalyst-coated membrane, or by incorporating a gas diffusion eleclrode 
with the membrane. The step of homogenization can be used lo prepare mixes for automated coating and the new 
structures are capable ol being produced in an automated fashion. 
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Legenda of the drawings 

[0065] FIGURE 1 is a schematic of new diffuser and gas diffusion electrode structures where each layer of carbon 
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black represents a coat, although the depictod number of coats does not limit these embodiment. 
[0066] FIGURE 2 is a three -electrode Lesling of siandard ELAT gas diffusion electrode versus type 'A' electrode and 
both electrodes were composed of 30 % P|/C, 1 mg/cm 2 loading. Electrodes are constructed according to Example 1 
and Example 2 specifications and tested in hydrogen at ambient pressure. 
s [0067] FIGURE 3 is a three-electrode testing of homogenized carbon in standard ELAT gas diffusion electrode. Ail 
electrodes were composed of 30 % PCC, 1 mo/cm 2 loading, Electrodes were constructed according to Example S, 
whereupon oithortho wet proofing SAB or both the SAB and Vulcan layers were homogenized. Tested in oxygen at 
ambient pressure. 

[0068] FIGURE 4 is a three-electrode testing of homogenized caibon in standard ELAT gas diffusion electrode. All 
'0 electrodes were composed of 30 % Pt/C, 1 mg/cm 2 loading and constructed according to Example 5, whereupon either 
the wot proofing SAB or both the SAB and Vulcan layers were homogenized. Tested in hydrogon at ambient pressure. 
[0069] FIGURE 5 is a fuel cell testing of siandard ELAT gas diffusion electrode compared to standard ELAT con- 
structed according to Example 5. whereupon both the SAB and Vulcan layers were homogenized. All electrodes were 
composed of 30 % Pt/C, i mg/cm 2 loading and MEA were assembled using a Nafion 1 15 membrane. The system was 
16 operated with hydrated gasses al 70°C, and hydrogen at 3.5 Bar (absolute) and air al 4.0 Bar (absolute). A two-fold 
stoichiometric excess of oxidant was fed based on the highest current density. 

[0070] FIGURE 6 is a fuel cell testing ol standard ELAT gas diffusion electrode compared to standard ELAT con- 
structed according to Example 5, whereupon both the SAB and Vulcan layers wero homogenized. All electrodes were 
composed of 30 % Pt/C, 1 mg/cm 2 loading and MEA was assembled using a Nation 115 membrane. The system was 
20 operated with hydrated gasscs at 70°C, and hydrogen at 3.5 Bar (absolute) and oxygen at 40 Bar (absolute). A two 
fold stoichiometric excess of oxidant was fed based on the highest current density. 

[0071] FIGURE 7 is a fuel cell testing of siandard ELAT ditfuser (labeled "Old") compared lo type "A" diffuser con- 
structed according to Example 5 (labeled "New - ), whereupon both the SAB and Vulcan layers were homogenized. An 
identical MEA was employed lor each \es\ and tho system was run at two fold stoichiometric excess of air based on 

?5 the 1 A/cm 2 while the hydrogen was continuously varied al two limes sloichiomelry based on the toad requirements. 
[0072] FIGURE 8 is a comparison ol type "B" oloctrodes made by hand and by Knifo-ovor-blado automated coaling. 
Both electrodes were composed of 30 % Pt/C, I mg/cm 2 and assembled with a Nafion 430 membrane to form the MEA. 
Oxygen was al a five fold stoichiometric excess with the highest recorded current, and a back pressure of upwards to 
50 cm. H2O was employed while a solution of 1 84 g/I HCI was circulated and kept at 55'C. 

30 [0073] FIGURE 9 Is a comparison of Type to A - electrodes made by hand and by gravure machine coating. Both 
electrodes woro composed 0/ 30% Pt/C: the hand made electrode at 1 mg/cm 2 , and assembled with a Nafion IIS 
membrane to make a MEA The cell was operated at 70 ft C with hydrated gasses, and hydrogen al 3.5 Bar (Absolute) 
and air at 4.0 Bar (Absolute). A two-fold stoichiometric excess of air based on the highest current density was employed. 
[0074] FIGURE 10 is a bar chart comparing ine resistance lo flow for a series of Type 'A 4 , a type "B\ and a standard 

& E-TEK ELAT described in Table 1 , The average thickness for ihe group of samples is listed as well as one standard 
deviation ol error in the bar graph. 

[0076] FIGURE 11 is a comparison of current vs. potential for ME As employing the various dilfuser structures cited 
in Figure 1 0. Test conditions: 50 cm 2 cell, Pi loading 0. 1 5-0.2 mg/cm z for anode and cathode whereby metal is deposited 
directly on a Nafion membrane. 
to [0076] The cell was operated at 80 9 C while ihe anode and cathode back pressure = 30 psig: 1 .5 stoichiometric anode 
and cathode flow rate. Neat oxygsn and 1 3 5 % oxygen are employed as the oxidants. Hydrogen is the reduciant 



Claims 

1. A gas diffuser comprising an electrically conductive web (1) and a layer (2, 3) containing carbon black particles 
and binder particles, characterized In that said layer is present on one surfaco only of the web and is obtained 
by coating said only surface of the web with a high-shear homogeneized mixture or carbon black particles, binder 
particles and solvont. 

2. The 9as dilfuser of claim 1 characterized in that said conductive web (1) is a carbon cloth, carbon paper or a 
metal mosh. 

3. The gas diffuser of claim 1 characterized In that said high*shear homogeneized mixture is obtained by means of 
microfluldlzers, rotor/slator cquipmenl provided with blades, spinning barrel equipment provided with plates. 

4. Tho gas diffuser of claim 1 characterized In that said binder ol the mixture ol carbon black particles, binder 
particles and solvent is hydrophobic. 
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5. Tho gas diffuser of claim 4 characterized In that said hydrophobic binder is polytetrafluoroethylene. 

6. Tha gas drffuser of claim 5 characterized In that the polytretrafluoro ethylene amounts to 50% by weight of the 
total solids contained in said mixture. 

6 

7. The gas diff user of claim 1 characterized in that said mixture of carbon black particles, binder particles and solvent 
further comprises stabilizers chosen Trom the group of iso-propyl alcohol, Fluorinert FC 75, Neoflon AD-2CR, 
polyvinyl alcohol, ethylono glycol, polyethylene glycol alkyl ether, Polyox®, Triton® X100, Tween®, Joncnyl 6U 
Rhoplox AC-61 , Acry9ol GS (acrylic pofymer solutions), and naphtalene formaldehyde condensate sulfonates. 

10 

6. The gas diff user of claim 1 characterized in that said layor (2, 3) ponetrates inside the electroconduclrve web ( 1 ). 

9. The gas diffusor of claim 1 characterized in that said layer (2, 3) comprises one type only of carbon black particles. 

75 10. The gas diff user of claim 1 characterized In lhal said layer (2, 3) comprises two types of carbon black particles 
with different hydrophobiciiy, so as to create a gradieni of hydrophoblclly throughout the layer. 

11. The gas dlffueer of claim 1 characterized In thai said layer (2/3) comprises decreasing amounts of said hydro- 
phobic binder from the web side to the external side to create a gradient of hydrophobiciiy. 

20 

12. The gas diff user of claim 1 characterized in that its resistance to gas flow is comprised between 0.005 and 0.06 
liters per minule/cm of waler column/cm2 and more preferably between 0.008 and 0.05 liters per minute/cm of 
waler column/cm 2 . 

2S 13. The gas diffuser of claim 1 characterized in that said layer (2, 3) is produced by means ol one of slot-die, knife- 
over-blade, spraying followed by knife operation, gravure machine. 

14. The gas diffuser of claim 1 characterized In that said layer (2, 3) comprises carbon black particles supporting 
One particles of catalyst at least on its external surface. 

oo 

15. The gas dilfuser of claim 14 characterized in that said catalyst is chosen from tha platinum group metals and 
their oxides, 

16. The gas diffuser ol claim 15 characterized In that said catalyel is platinum, rhodium or rhodium oxide. 

35 

17. A mothod of manufacturing a gas dilfuser or gas diffusion electrode comprising : 

a) preparing a dispersion mixture of carbon black panicles or catalyzed carbon black particles by using a high- 
shear homogenizing equipment, such as mrcrolluidizers, rotor/stalor equipment provided wilh blades, epin- 

4 ° ning barrel equipment provided wilh plates; 

b) adding a binder to the resulting mixture; 

c) adding at least one dispersion-slabilizing substance to the mixture; 

d) coating an electrically conductive web on one side only with the mixture by using at least one gravure, slot- 
die, knife-over-biade spraying followod by knife, coating head; 

45 e) drying the coatod wed and then 

f) sintering the coaled web at 300*400°C. 

19. The method ol manufacturing of claim 17 characterized in that Ihe stabilizing substance is selected from the 
group consisting of iso-propyl alcohol, Fluorine rt FC 75, Neoflon AD-2CR, polyvinyl alcohol, ethylono glycol, pol- 
$0 yelhylene glycol alkyl ether, Polyox®. Triton® X100, Tween<8>. Joncryl 6U. Rhoptex AC-61, Acrysol GS (acrylic 

polymer solutions), and naphtalene formaldehyde condensate sulfonates. 

19. The use ol the gas diffuser of claims 1-1 3 characterized fn that said gas diffuser is intimately contacted by one 
surface of an ion exchange membrane provided with a layer of catalyst, in an electrochemical cell. 

20. The use of the gas dilfuser of claims m 3 characterized In that said a pair of gas diffuser is intimately contacted 
by an ion exchange membrane having both surfaces provided with a layer of catalyst, in an electrochemical cell. 
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21. The use of tha gas diffuser of claims 14-16 characterized Jn that said gas diffuser Is intimately contacted by one 
surface of an ion exchange membrano provided with a layer of calalysi, In an electrochemical cell. 

22. The use ol the gas dlnuser of claims 14-16 characterized In that said a pair of gas dilfuser is Intimately contacted 
* by an ion exchange membrane having both surfaces provided with a layer of catalyst, in an electrochemical cell, 

23. The use or claims 20 and 22 characterized In lhat said electrochemical cell is a luel cell. 
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